Abstract-The technique of obtaining spherical particles from rod like plant virus, tobacco mosaic virus, in a preparative scale was developed. The conditions of tobacco mosaic virus isolation for obtaining spherical particles were selected. Spherical particles were examined by methods of electron microscopy, nanoparticle tracking analysis, and dynamic light scattering. Information about inner structure of spherical particles was obtained. High electron density of spherical particles was demonstrated. The analysis of ultrathin sections showed that spherical particles are homogenous within and do not contain any cavities.
INTRODUCTION
Plant viruses and virus like particles are used in various fields of biotechnology: design of vaccines and adjuvants, development of biologically active com plexes and contrast agents, target delivery, microelec tronics [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . An important advantage of plant viruses is connected with their nonpathogenicity to humans [1] . As was shown previously, heating of rod like virions of tobacco mosaic virus (TMV) to 94°C results in structural remodeling of viral coat protein (CP) and formation of spherical particles (SPs) of the controlled size. SPs demonstrate high level of stability, do not contain RNA, and are biodegradable [11] [12] . Unique adsorption properties of SPs were demon strated. Complexes based on SPs were designed with various proteins and with icosahedral virions [2] [3] [4] . It was shown that SPs act as effective adjuvants and are active in stimulating immune response to proteins and viral particles adsorbed on their surface [2, 4] . Previ ously, thermocycler was applied for thermal transition of TMV virions to SPs, allowing one to obtain analyt ical amounts of SPs [11] . For preclinical studies of SPs based medicines, the method had to be scaled. Previously, an attempt was made to obtain large amounts of SPs with the help of a flow system (100°C, 125 seconds). This technology helped to increase the amount of obtained SPs to 60 mg/h [13] .
MATERIALS AND METHODS
For isolation of TMV strain U1 (collection of Department of Virology, MSU), frozen leaves (Nicoti ana tabacum L. cv. Samsun) were homogenized in 0.1 M phosphate buffer, pH 7.8, containing 0.02 M EDTA (Gerbu, Germany) and 0.1% β mercaptoetha nol (Serva, Germany) (in a ratio of 2 mL of buffer to 1 g of leaves). Plant sap was clarified (10 000g, 20 min, 4°C). Chloroform (Chimmed, Russia) was added to the sap in the ratio of 1 : 6, the mixture was shaken (10 min) and centrifuged (15 min, 10 000g, 4°C). Liq uid phase was collected, polyethylene glycol (Mr 6000) (Gerbu, Germany) was added to a final concen tration of 2%, and NaCl (MP Biomedicals, United States) was added to a concentration of 1%. The mix ture was incubated for 12 h at 4°C. Viral precipitate was isolated by centrifugation (10 000g, 20 min, 4°C 4°C for one year; for prolonged storing, samples were frozen at -70°C.
To obtain SPs, preparation of TMV (1 mL) was placed in standard 1.5 mL polypropylene tubes (Sarstedt, Germany). Then, samples were placed into "Termite" thermostat (DNA technology, Russia) pre heated to 94°C and were incubated for 3-7 min. The amount of wells in a plate was 40.
Samples for electron microscopy (EM) and ultrathin sections were prepared as described previ ously [11, 14] . Samples were studied with JEM 1011 (JEOL, Japan) and LEO 912AB (LEO, Germany) electron microscopes. Micrographs were analyzed with the help of ImageJ program (National Institute of Health, United States).
Measuring of dynamic light scattering (DLS) was carried out on Zetasizer Nano ZS (Malvern Instru ments, United Kingdom). Results were processed using Dispersion Technology Software version 5.10 software.
Size of SPs was measured by the nanoparticle tracking analysis (NTA) method using NanoSight NS500 instrument and NanoSight NTA 2.3 software (NanoSight, United Kingdom) according to the stan dard [15] .
RESULTS AND DISCUSSION
As was shown previously, heating of TMV to 94°C results in structural remodeling of CP of rod like viri ons into SPs [11] . The developed method enables one to obtain SPs in amounts sufficient for laboratory studies. It is important to note that 0.5 mL thin walled tubes (Sarstedt, Germany) were used to obtain SPs in thermocycler. The volume of the sample was 50 μL. In this case, the instrument provided equal heating of the whole sample. Technical abilities of the instrument depended on the maximal volume of the sample and the amount of wells in the thermocycler (40). It was demonstrated that SPs with size 50-160, 100-340, 250-800 nm can be obtained from the virus with ini tial concentration 0.1, 1, and 10 mg/mL [11] . Thus, during one working cycle, 0.2, 2, and 20 mg of SPs of corresponding size are obtained. The method was modified to obtain preparative amounts of SPs for pre clinical tests of vaccine based on spherical particles. Thermal treatment of viral sample was carried out in standard polypropylene tubes (1.5 mL) in a solid state thermostat. Volume of the sample was 1 mL. Usage of more thick walled tubes and higher amounts of the sample could lead to unequal heating of the virus and incomplete transition of TMV CP into SPs. In the cur rent work, we optimized temperature and time condi tions of pretreatment of viral sample to obtain prepar ative amounts of SPs that do not differ morphologi cally from spherical particles formed in a thermocycler. It was shown that placement of virus into thermostat preheated to 94°C with subsequent incubation during 7 min results in 100% transforma tion of TMV virions into SPs. Reduction of incubation time leads to incomplete restructuring of TMV into SPs. Electron micrographs of SPs obtained at thermal treatment of TMV (94°C, 1 mL) with various initial concentration are shown (Fig. 1) . In all cases, native TMV (Fig. 1d) completely turned into the SPs. The size of obtained SPs increased with increase of initial concentration of viral preparation. This correlates with previously published results [11] .
Deformation and aggregation of the sample on the grid during preparation of samples for EM can some times lead to an incorrect interpretation of the obtained results. Thus, EM data were compared to the results of DLS and NTA that helped to study the size of SPs in liquid. Average diameters of SPs, shown in the table, measured by EM, NTA and DLS, were 9 SPs received from the TMV preparation of initial concentration 0.1, 1, and 10 mg/mL, respectively. These results can be useful for standardization in the preparation of pharmaceuticals.
Process of SPs formation and polydispersity of obtained preparations are influenced by the composi tion of the buffer for differential centrifugation, the composition of storage buffer, and aggregation state of the virus. The least impact the buffer has on obtaining SPs from TMV with a concentration of 0.1 mg/mL due to the fact that the distance between individual virions in diluted solution is more than the length of an individual viral particle, and the viral aggregation is minimal [16] . Solution of tris HCl pH 7.5-8 and deionized water are the most optimal buffer systems for obtaining SPs, purification of TMV at the stage of differential centrifugation and subsequent storage. Difficulties occur with obtaining SPs of size more than 70 nm from virus with concentration more than 0.1 mg/mL when phosphate buffer is used. During thermal treatment of TMV with a concentration 1 mg/mL and more diluted in phosphate buffer, or TMV which was isolated using phosphate buffer at the stage of differential centrifugation, transition of TMV virions was not complete. At the same time, SPs sam ples demonstrated high level of polydispersity in size. These results correlate with the previous reports of higher level of probability of TMV virions aggregation in phosphate buffer [17] . Presumably, tris HCl based buffer solutions form optimal conditions for obtaining nonaggregated TMV preparations. Prolonged storage of viral preparation (2-3 years) can also result in changes of aggregation state. This, apparently, increases the average diameter of SPs. Information about aggregation state of the viral sample play a cru cial role in obtaining SPs as they enable to control size of the particles more accurately by the changes in con centration of TMV.
It was shown previously that SPs demonstrate higher density (1.43 g/cm 3 ) than many of the helical plant viruses [18] [19] . In this connection, studying of the inner structure of SPs with the help of ultrathin sectioning and EM seems very interesting. Analysis of ultrathin sections of SPs obtained from the native TMV with initial concentration 0.1, 1, and 10 mg/mL was carried out. Results for SPs formed from virus with concentration 1 mg/mL are shown (Fig. 2a) . It was discovered that SPs do not contain any cavities and are homogenous within. Electron density of SPs in the absence of contrasting agents was studied further. It was shown that either SPs obtained from the TMV with a concentration 0.1 mg/mL (Fig. 2b) or spherical particles obtained from the TMV with a concentration 1 mg/mL (Fig. 2c) appear to be the objects with high electron density. This fact enables one to exclude treatment of SPs with contrasting agents, expanding the possibilities of their analysis with various methods. SPs are unique biogenic particles able to act as a platform for design of functionally active complexes and serve as a basis for obtaining vaccines, adjuvants, and contrasting agents. Thus, the method of prepara tive obtaining of SPs proposed in the present study is very actual. The developed approach for obtaining of SPs is well reproducible and allows one to get spherical particles of the predetermined size. SPs can be obtained in an amount that is 20 higher than the amount that could be received according to the previ ously described method. It was shown for the first time that SPs do not contain cavities and they are homoge nous within. It was demonstrated that SPs can be visu alized without contrasting agents by transmission electron microscopy.
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